A Gram-stain-negative, non-spore-forming, facultatively anaerobic bacterium, designated strain SC18 T , was isolated from a tidal flat of Suncheon bay in South Korea. Cells were rod-shaped and motile by means of a polar flagellum. Cells were catalase-, oxidase-and b-haemolysis-positive.
The genus Shewanella, a member of the class Gammaproteobacteria (Anzai et al., 2000) , was first proposed by MacDonell & Colwell (1985) to accommodate Gram-negative, facultatively anaerobic, motile, oxidasepositive and straight or curved rod-shaped bacteria (Bowman, 2005; Sung et al., 2012) . Members of the genus Shewanella are physiologically and metabolically diverse and have been isolated from diverse habitats such as seawater, tidal flats, marine invertebrates and fish, estuaries, clinical samples, activated and coal-mine sludge, and Arctic marine sediment (Bowman, 2005; Satomi et al., 2007; Zhao et al., 2007; Park et al., 2009; Sravan Kumar et al., 2010; Kim et al., 2012b; Sung et al., 2012) . At the time of writing, the genus Shewanella comprises 61 species with validly published names (Euzéby, 1997) . Tidal flats, called 'getbol' in Korean, are coastal marshes or muddy areas that are alternately submerged and exposed to the atmosphere by changing tidal levels. It has long been known that tidal flats contain a wealth of valuable biological resources such as micro-organisms and marine animals and play important roles in the restoration of coastal ecosystems and nutrient cycling (Winberg et al., 2007; Jin et al., 2012; Math et al., 2012) . In the course of studies investigating micro-organisms inhabiting tidal flats, we have isolated and characterized many novel bacterial species (Kim et al., 2010; Jin et al., 2011; Lee et al., 2011; Jeong et al., 2013a, b) . Here, we describe the taxonomic characterization of a novel species belonging to the genus Shewanella isolated from a tidal flat of the South Sea in South Korea.
Strain SC18
T was isolated from a surface tidal flat (less than 5 cm depth) of Suncheon bay (34 u 529 56.350 N 127 u 309 48.940 E) in South Korea in February 2011 using a previously described procedure but with some modifications (Jeong et al., 2013b) . Briefly, tidal flat sediment was serially diluted with artificial seawater (ASW; per litre: 20 g NaCl, 2.9 g MgSO 4 , 4.53 g MgCl 2 . 6H 2 O, 0.64 g KCl and 1.75 g CaCl 2 . 2H 2 O), spread on marine agar (MA; BD) and incubated at 25 u C for 5 days. Crude genomic DNA was extracted from randomly selected colonies using Chelex-100 (Bio-Rad) as described previously (Lu et al., 2006) . The 16S rRNA genes were PCR-amplified using the universal primers F1 and R13 (Jeong et al., 2013b) , and the PCR amplicons were double-digested with HaeIII and HhaI. All representative amplicons with unique fragment patterns were selected and partially sequenced with the F1 primer. The resulting 16S rRNA gene sequences formed the basis of searches using the Strain Identifying program at EzTaxon-e (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012a) , and the results were used as a guide to classify the colonies. From these analyses, a putative novel strain belonging to the genus Shewanella, designated SC18
T , was selected for further phenotypic and phylogenetic analysis. Strain SC18 T was routinely grown aerobically on MA at 25 u C for 2 days, except where indicated otherwise. The strain was stored at 280 u C in marine broth (MB; BD) supplemented with 15 % (v/v) glycerol. Shewanella putrefaciens JCM 20190 T , Shewanella baltica DSM 9439 T and Shewanella denitrificans DSM 15013
T [purchased from JCM (Japan) and DSMZ (Germany), respectively], and Shewanella gaetbuli KACC 11398
T [a gift from KACC (Korea)] were used as reference strains for phenotypic comparisons and DNA-DNA hybridization experiments.
The 16S rRNA gene amplicon of strain SC18
T was ligated into the pCR2.1 vector using a TOPO cloning kit (Invitrogen) according to the manufacturer's instructions for almost complete sequencing. The inserted 16S rRNA gene was sequenced using the M13 reverse and T7 primers of the pCR2.1 vector. The resulting almost full-length 16S rRNA gene sequence (1467 nt) of strain SC18
T was checked manually for quality. Sequence similarity values between strain SC18
T and closely related taxa were evaluated using the Strain Identifying program at EzTaxon-e. The 16S rRNA gene sequences of strain SC18
T and closely related taxa were aligned using the Aligner program at the Ribosomal Database Project (RDP, http://pyro.cme.msu.edu/spring/ align.spr, Wang et al., 2007) . Phylogenetic trees using the neighbour-joining and maximum-parsimony algorithms were reconstructed by the PHYLIP software (version 3.68; Felsenstein, 2002) . The topology of the resulting trees was evaluated using bootstrap analyses based on 1000 resampled datasets within the PHYLIP package. Maximum-likelihood analysis with bootstrapping was carried out using RAxML-HPC BlackBox (version 7.4.4) of the Cyber-Infrastructure for Phylogenetic Research project (CIPRES, www.phylo.org; Stamatakis et al., 2005) . Additional taxonomic assignment was performed using the RDP naïve Bayesian rRNA Classifier tool (http://rdp.cme.msu.edu/classifier) at a 90 % confidence threshold. Comparative analysis of gyrase B (gyrB) gene sequences was additionally performed in support of the phylogenetic analysis based on 16S rRNA gene sequences. The gyrB gene sequence of strain SC18
T was amplified using PCR with primers UP-1 and UP-2r as described by Yamamoto & Harayama (1995) . The resulting PCR amplicon was ligated into the pCR2.1 vector using a TOPO cloning kit (Invitrogen) and the insert was sequenced with the M13 reverse and T7 primers. The resulting gyrB gene sequences were compared with available gyrB gene sequences at GenBank. Sequences belonging to gyrB gene homologues were aligned using the CLUSTAL W software program, and a phylogenetic tree was reconstructed using the PROTDIST and NEIGHBOUR modules available in the PHYLIP software.
Comparative analysis of the 16S rRNA gene sequences indicated that strain SC18
T was related most closely to S. denitrificans OS217 T and S. gaetbuli TF-27 T with 97.3 and 97.1 % similarities, respectively. Phylogenetic analysis showed that strain SC18
T formed a tight phyletic lineage with S. denitrificans OS217 T within the genus Shewanella with a relatively high bootstrap value (92 %) (Fig. 1) . The phylogenetic trees reconstructed using the maximumparsimony and maximum-likelihood algorithms also showed that the novel strain formed a tight phylogenetic cluster with S. denitrificans OS217 T (Fig. 1) . Phylogenetic analysis using the RDP Classifier program also showed that strain SC18
T represented a member of the genus Shewanella. The phylogenetic tree using gyrB gene sequences also indicated that strain SC18
T could represent a member of the genus Shewanella (Fig. 2 ).
DNA-DNA hybridization of strain SC18
T with S. denitrificans DSM 15013
T and S. gaetbuli KACC 11398 T was carried out in triplicate to evaluate the levels of DNA-DNA relatedness according to a previously described procedure . The hybridization signals were captured and analysed with the Bio-Rad Quantity One program (ver. 4.62). The signal produced by hybridization of the probe to the homologous target DNA was taken to be 100 % and signal intensities by self-hybridization of the series of dilutions were used for the calculation of DNA-DNA relatedness between strain SC18
T and S. denitrificans DSM 15013 T and S. gaetbuli KACC 11398 T . The experiments were always confirmed by reciprocal hybridization. The DNA-DNA relatedness values between strain SC18 T and S. denitrificans DSM 15013 T and S. gaetbuli KACC 11398 T were 18.3±2.8 and 22.5±1.6 % (mean±SD), respectively, which are clearly below the 70 % threshold generally accepted for species delineation (Rosselló -Mora & Amann, 2001).
Growth was tested on various standard agar media including MA, nutrient agar (NA; BD), trypticase soy agar (TSA; BD), R2A agar (BD) and Luria-Bertani (LB) agar (per litre: 10 g tryptone, 5 g yeast extract, 10 g NaCl and 15 g agar, made in the laboratory) at 25 u C. Growth temperatures and pH of strain SC18
T were examined by growing the isolate on MA at 0, 4, 10, 15, 20, 25, 30, 35, 37, 40 and 45 u C and in MB adjusted to pH 4.5-10.0 (at 0.5 pH unit intervals). The MB media with different pH were prepared using appropriate biological buffers; Na 2 HPO 4 / NaH 2 PO 4 and Na 2 CO 3 /NaHCO 3 buffers were used for pH,8.0 and pH 8.0-10.0, respectively (Gomori, 1955) . Broth pH was adjusted prior to sterilization by the addition of HCl or NaOH and the pH was verified and adjusted again when necessary after sterilization. Growth in the presence of 0-10 % (w/v, at 1.0 % intervals) NaCl was investigated using MB prepared in the laboratory according to the formula of the BD medium. Gram staining was performed using the bioMérieux Gram Stain kit according to the instructions of the manufacturer. Spore formation was determined by staining with malachite green. Anaerobic growth was assessed on MA using the GasPak Plus system (BBL) at 25 u C for 7 days. The reduction of electron acceptors was additionally tested on defined agar medium (DM) according to the methods described by Verma et al. (2011) ; DL-lactate (40 mM) was used as an electron donor and manganese dioxide (40 mM), ferric citrate (40 mM), trimethylamine N-oxide (10 mM), DMSO (10 mM), potassium dichromate (0.5 mM), sodium thiosulfate (5 mM), sodium sulfite (5 mM), sodium nitrate (10 mM) and sodium nitrite (10 mM) were used as potential electron acceptors. The inoculated agar plates were incubated at 25 u C for 7 days under the anaerobic conditions (with 4-10 % CO 2 ) generated by the GasPak Plus system (BBL). Cell morphology, motility and the presence of flagella were studied with phase-contract microscopy and transmission electron microscopy (JEM-161 1010; JEOL) using exponentially grown cells in MB. Oxidase and catalase activities were evaluated by the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Merck) and the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution, respectively (Smibert & Krieg, 1994) . Hydrolysis of agar, casein, Tween 20, Tween 80, tyrosine and starch was investigated on MA according to the methods described by Lanyi (1987) and Smibert & Krieg (1994) . DNase activity was assessed by a clear zone after flooding with 1 M HCl on DNase test agar (BD) supplemented with ASW (Jeong et al., 2013 supplemented with 5 % (v/v) sheep's blood. Nitrate reduction was assessed according to the method of Lanyi (1987) . Methyl Red and Voges-Proskauer tests and H 2 S production tests were performed according to the methods described by Cowan & Steel (1965) and Bruns et al. (2001) , respectively. Utilization of substrates for growth and acid production from carbohydrates were determined as described by Yurkov et al. (1994) and Leifson (1963) , respectively. Additional enzyme activities, biochemical features and carbon utilization of strain SC18 T and the reference strains were determined using the API ZYM and API 20E kits (bioMérieux) according to the instructions of the manufacturer, except for incubation temperature (25 u C) and time (2 days). Antibiotic susceptibility tests were performed according to Jeong et al. (2013a) .
Strain SC18
T grew well on R2A agar, LB agar, TSA and MA at 25 uC. Growth of strain SC18
T was observed at 4-37 uC, but not at 0 or 40 u C, with optimum growth temperatures of 25-30 u C. When tested in MB at 25 u C, strain SC18 T grew at pH 5.0-9.0, with an optimum at pH 7.0, and in MB containing 0-5.0 % (w/v) NaCl, with the optimum range of 0-2 % NaCl. Additional physiological and biochemical characteristics of strain SC18
T are presented in Table 1 and in the species descriptions. Some of these characteristics are in accordance with those of related species, whereas others allow the differentiation of strain SC18
T from other closely related species of the genus Shewanella (Table 1) .
Isoprenoid quinones of strain SC18
T were analysed using an HPLC system (model LC-20A; Shimadzu) equipped with a diode array detector (SPD-M20A; Shimadzu) and a reversed-phase column (250 by 4.6 mm, Kromasil; Akzo Nobel) as described by Komagata & Suzuki (1987) . Methanol-2-propanol (2 : 1, v/v) was used as an eluent at a flow rate of 1 ml min 
Bacillus subtilis ATCC 14035 T (DQ309321)

Shewanella dokdonensis UDC329 T (GQ132057)
Shewanella hafniensis P010 T (AB208056)
Shewanella putrefaciens ATCC 8071 T (AF005669)
Shewanella baltica DSM 9439 T (AJ231331)
Shewanella profunda DSM 15900 T (FJ589036)
Shewanella morhuae U1417 T (AB208062)
Shewanella glacialipiscicola T147 T (AB266200)
Shewanella decolorationis CCTCC M203093 T (AJ609572)
Shewanella oneidensis MR-1 T (AF005694)
Shewanella denitrificans OS217 T (CP000302)
Shewanella gaetbuli KACC 11398 T (KC175546)
Shewanella frigidimarina ACAM 591 T (AF014947)
Shewanella basaltis JCM 14937 T (FJ589041)
Shewanella aestuarii SC18 T (KC175545)
Shewanella colwelliana LST-W T (AB266207)
Shewanella algidipiscicola S13 T (AB266202)
Shewanella benthica ATCC 43992 T (AF014949)
Shewanella woodyi ATCC 51908 T (AF014946)
Shewanella gelidimarina ACAM 456 T (AF014946)
Shewanella hanedai 281 T (AF005693)
Shewanella marinintestina IK-1 T (AB081763)
Shewanella schlegeliana HRKA1 T (AB081766)
Shewanella amazonensis SB2B T (AF005257)
Shewanella haliotis DW01 T (HM016089)
Shewanella chilikensis JC5 T (HM016091) analysis of cellular fatty acids, strain SC18 T and the reference strains were cultivated in MB at 25 u C and their microbial cells were harvested at the same phase of the exponential growth stage (OD 600 of 0.8). The cellular fatty acids were extracted, saponified and methylated using the standard MIDI protocol. The fatty acid methyl esters were analysed by GC (6890; Hewlett Packard) and identified by using the TSBA6 database of the Microbial Identification (Brettar et al., 2002) ; 3, S. gaetbuli KACC 11398 T (Yoon et al., 2004) ; 4, S.
baltica DSM 9439 T (Ziemke et al., 1998; Venkateswaran et al., 1999; Brettar et al., 2002) ; 5, S. putrefaciens JCM 20190 T (Ziemke et al., 1998; Venkateswaran et al., 1999; Brettar et al., 2002) . All data without asterisks are from this study. All strains are Gram-negative, facultatively anaerobic, rod-shaped and positive for the following characteristics: hydrolysis of Tween 20, Tween 80, DNA and casein; reduction of nitrate; catalase, oxidase, arginine dihydrolase, gelatinase, alkaline phosphatase, esterase (C4), esterase lipase (C8), valine arylamidase, leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities; utilization of N-acetyl-D-glucosamine; and susceptibility to ampicillin, carbenicillin, chloramphenicol, kanamycin and rifampicin. All strains are negative for the following characteristics: reduction of dichromate; ONPG, tryptophan deaminase, lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase activities; and production of acetoin and indole. +, Positive; 2, negative; W, weakly positive.
Growth at: 37 u C + 2* +* 2* +* 6 % NaCl 2 +* +* +* +* H 2 S production 2 System (Sherlock version 6.0B) (Sasser 1990 ). The DNA G+C content of strain SC18 T was determined in triplicate by the fluorometric method (Gonzalez & Saiz-Jimenez, 2002 ) using SYBR Green I and a real-time PCR thermocycler (Bio-Rad). Polar lipids were determined by TLC as described by Minnikin et al. (1977) . The following reagents were used to detect the different polar lipids: 10 % ethanolic phosphomolybdic acid (for total polar lipids), ninhydrin (for amino lipids) and Dittmer-Lester reagent (for phospholipids).
The respiratory lipoquinones detected in strain SC18
T were ubiquinone-7 (Q-7, 38.0 %, relative to the sum of total quinones at A 273 ), ubiquinone-8 (Q-8, 44.9 %), menaquinone-7 (MK-7, 7.2 %) and methylmenaquinone-7 (MMK-7, 9.9 %), which were in common with those of other members of the genus Shewanella (Bozal et al., 2002; Brettar et al., 2002) . The major cellular fatty acids (.5 % of the total) were summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c, 29.0 %), iso-C 15 : 0 (19.3 %), C 16 : 0 (15.1 %), iso-C 13 : 0 (5.4 %) and C 14 : 0 (5.2 %). Although the overall fatty acid profile of strain SC18
T was similar to those of the reference strains, there were differences in the respective proportions and compositions of the minor fatty acid components ( Table 2 ). The major polar lipids were phosphatidylethanolamine (PE) and phosphatidylglycerol (PG), which was consistent with those of other type strains of the genus Shewanella (Kim et al., 2012b) (Fig. S1 available in IJSEM Online). Phosphatidylmethylethanolamine (PME), an unidentified aminolipid and three unidentified lipids were also identified as minor components. The DNA G+C content of strain SC18
T was 41.3 mol%, which was in the range of those of other closely related species of the genus Shewanella (Table 1) . Therefore, the phenotypic and chemotaxonomic features of strain SC18
T and phylogenetic inference support its description as representing a novel species of the genus Shewanella, for which the name Shewanella aestuarii sp. nov. is proposed.
Description of Shewanella aestuarii sp. nov.
Shewanella aestuarii (aes.tu.a9ri.i. L. gen. n. aestuarii of a tidal flat, from where the type strain was isolated).
Colonies are light brown, circular and convex with slightly irregular edges on MA. Growth occurs at 4-37 u C (optimum, 25-30 u C), at pH 5.0-9.0 (optimum, pH 7.0) and in the presence of 0-5.0 % (w/v) NaCl (optimum, 0-2 %). Cells are Gram-stain-negative, non-spore-forming, facultatively anaerobic, straight or slightly curved rods (0.5-0.8 mm in width and 1.5-4.2 mm in length) that are motile by means of a polar flagellum. Oxidase and catalase are positive. DNA, casein, Tween 20, Tween 80 and tyrosine are hydrolysed, while agar and starch are not. Causes b-haemolysis on blood agar. H 2 S is not produced. Methyl Red and Voges-Proskauer tests are negative. Nitrate is reduced to nitrite, but nitrogen gas is not produced. Growth occurs under anaerobic conditions on MA. When lactate is used as the electron donor, *Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed feature 1 comprises iso-C 15 : 1 H and/or C 13 : 0 3-OH, summed feature 2 comprises iso-C 16 : 1 I and/or C 14 : 0 3-OH, summed feature 3 comprises C 16 : 1 v7c and/or C 16 : 1 v6c, and summed feature 8 comprises C 18 : 1 v7c and/or C 18 : 1 v6c.
20E tests, arginine dihydrolase and gelatinase activities are positive, but ONPG, lysine and ornithine decarboxylase, urease and tryptophan deaminase activities, citrate utilization, and indole production are negative. In API ZYM tests, alkaline phosphatase, esterase (C4), esterase lipase (C8), valine arylamidase, leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and N-acetyl-b-glucosaminidase activities are positive; lipase (C14), crystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, bgalactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase activities are negative. Contains phosphatidylethanolamine, phosphatidylglycerol, phosphatidylmethylethanolamine, an unidentified aminolipid and three unidentified lipids. Resistant to lincomycin, neomycin, novobiocin and tetracycline, but sensitive to amoxicillin, ampicillin, carbenicillin, chloramphenicol, erythromycin, kanamycin, oleandomycin, penicillin G, polymyxin B, rifampicin and streptomycin. The major cellular fatty acids are summed feature 3 (comprising C 16 : 1 v7c and/ or C 16 : 1 v6c), iso-C 15 : 0 , C 16 : 0 , iso-C 13 : 0 and C 14 : 0 . Contains Q-7, Q-8, MK-7 and MMK-7 as major respiratory quinones.
The type strain is SC18 T (5KACC 16187 T 5JCM 17801 T ), which was isolated from a tidal flat of Suncheon bay in South Korea. The DNA G+C content of the type strain is 41.3 mol%.
